to lead to enhanced neurotransmitter release. Therefore,
mutation falls in a region thought to be required for effector domain binds to and may spatially organize the SNAP-25 binding, and the amino acid targeted by the Ca 2ϩ channel, cysteine string protein (a protein implisyx 3 mutation was shown to be important for binding to cated in regulating presynaptic Ca 2ϩ channels), and Synn-Sec1/Munc-18. aptotagmin (a putative Ca 2ϩ sensor) and is specifically To define the binding defects caused by the syx mutarequired for efficient excitation-secretion coupling in tions, we performed GST pulldown assays. In this assay, vivo.
GST alone, wild-type GST-Syx, or mutant GST-Syntaxins were immobilized on glutathione-Sepharose beads and incubated with target proteins. The binary Syb-Syx inResults teraction is easily disrupted, as every syx mutation reveals a strong reduction if not complete absence of Syb Binding Analysis of the H3 Domain of Drosophila Syntaxin 1A binding (data not shown). This finding is consistent with studies using vertebrate proteins (Hayashi et al., 1994 ; To dissect the putative functions of Syntaxin in vivo, we generated partial loss-of-function mutations in syntaxin Kee et al., 1995) and does not appear physiologically relevant, since certain mutants display robust neuro-1A (syx). As this gene is refractory to standard mutagenesis with EMS (ethylmethylsulfonate) (Schulze and transmission (see below). We therefore tested core complex formation by assaying Syb binding in the presence Bellen, 1996), we used a site-directed mutagenesis approach to interfere with specific protein-protein interacof SNAP-25 (Figure 1 ). The syx H3-N deletion abolishes formation of the core complex, while GST-Syx H3-C can tions. As shown in Figure 1 Figure  1997 ). We thus focused on a structure-function analysis of the H3 domain.
1, GST-Syx H3-N shows an abolishment of ROP binding, but binds Synaptotagmin and synprint. Conversely, the As shown in Figure 1, 
tion (Schulze et al., 1995). We assayed the ability of our
Although mEJC frequency is somewhat increased in syx wt-2 comdifferent syx mutants to carry out nonneuronal secretion.
pared to other controls, this increase is not statistically significant (n.s.).
All mutants except syx H3-N are capable of secreting cuticle normally ( Figure 2C ), suggesting that the inability The ROP-Syntaxin Interaction Inhibits to form core complexes blocks nonneuronal secretion.
Synaptic Transmission Moreover, perturbations of specific syntaxin protein inTo define the function of the Syntaxin-ROP complex, teractions, most importantly the Syntaxin-ROP interacwe focused on a phenotypic analysis of the syx 3 mutant, tion, does not appear to affect nonneuronal secretion. since the syx 3 mutation selectively disrupts the Syntaxin-ROP interaction ( Figures 1A and 4A) . First, since the syx 3 mutation affects a hydrophobic residue that The Core Complex Is Essential for Vesicle Fusion may be important for core complex stability, we tested We next assayed regulated exocytosis at the synaptic the heat lability of SDS-resistant core complexes conterminal in our syntaxin mutants. As shown in Figure 3A , taining GST-Syx
3
. As shown in Figure 4B , the syx 3 mutathe syx H3-N deletion abolishes core complex formation. tion does not significantly alter core complex stability We investigated synaptic transmission in syx H3-N mutants relative to wild-type control, although the levels of SDSusing whole-cell patch-clamp analysis at the embryonic resistant core complexes are somewhat reduced at 54ЊC neuromuscular junction (NMJ). Three different wild-type for GST-Syx 3 compared to wild-type GST-Syx. Thus, transgenic controls (syx compared to wild-type GST-Syx. To rule out the possibility that the syx 2 mutation impairs core complex stability, we tested the heat lability of SDS-resistant core complexes containing GST-Syx 2 . As shown in Figure  5C , the syx 2 mutation does not affect core complex stability in this assay. syx 2 mutants reveal very significantly increased EJC amplitude (1.1 Ϯ 0.1 nA for syx wt , n ϭ 19; 2.6 Ϯ 0.2 nA for syx 2 , n ϭ 13; p Ͻ 0.0001) ( Figures 5D and 5E In addition to an increase in evoked response, the mEJC frequency is also greatly increased in both syx the EC 50 is increased approximately 2-fold, compared to wild-type GST-Syx. As shown in Figure 6D , maximal As discussed previously, the region deleted in GSTSyx H3-N is essential for core complex formation and ROP Synaptotagmin binding to GST-Syx H3-C is severely reduced using these conditions, compared to wild-type binding, but not Synaptotagmin or synprint binding. Conversely, the region deleted in GST-Syx H3-C is required GST-Syx ‫%09ف(‬ reduction). In addition, synprint binding to GST-Syx H3-C is also reduced, relative to wild-type for efficient binding to Synaptotagmin and to synprint, but not ROP. To determine if these regions are also GST-Syx. The syx H3-C deletion causes approximately 85% plexes, suggesting that the structure of the core complex bundle is intact. However, we cannot exclude the Taken together, these observations suggest that Syntaxin binding to Ca 2ϩ channels reduces both spontanepossibility that these mutations cause additional defects, such as affecting the conformation or function ous and evoked openings of the channels (Figure 8) dle. However, the syx H3-C deletion does not generally
